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(54) Switchable bus driver termination resistance 

(57) A system for signal transmission has at least 
one bus (10) for the signal transmission and a reflection- 
prevention resistance (Rs) provided on a stub (11) con- 
nected to the bus (10) for preventing reflection of signals 
at an intersection between the bus (10) and the stub 
(11). The system includes termination resistances (Rt), 



and a switch unit for coupling the bus (10) to termination 
voltage (Vtt) via the termination resistances (Rt) in a first 
mode and for disconnecting the bus (10) from the termi- 
nation voltage (Vtt) in a second mode. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to an 
input/output interface between a plurality of integrated- 
circuit chips, and particularly relates to an input/output 
interface coping with both high-speed data transfer 
using high-frequency signals and low-speed data trans- 
fer using low-frequency signals. 

2. Description of the Related Art 

An increase in processing speed of microproces- 
sors should be accompanied by an increase in data- 
transfer speed using signals of higher frequencies for 
data transfer between LSI chips. The TTL level and the 
CMOS level used as input/output levels in the related- 
art LSIs suffer from increasing effects of signal reflec- 
tions and crosstalk when a signal frequency becomes 
as high as about 50 MHz. These effects make it difficult 
to conduct error-free data transfer. 

In order to obviate this problem, various input/out- 
put interfaces such as CTT (center tapped termination) 
and GTL (Gunning transceiver logic) use signals of 
small amplitudes lower than 1V. These input/output 
interface schemes are not satisfactory enough, how- 
ever, when frequency limits and chip-power consump- 
tion are considered. 

In light of these, the inventor of the present inven- 
tion has proposed high-speed and small-signal-ampli- 
tude interface standard SSTL (stub series terminated 
logic), which was adopted by JEDEC (a lower branch of 
the Electronics Industries Association in the United 
States) as an industry standard. 

Fig. 1 is an illustrative drawing showing a bus config- 
uration of SSTL 

As shown in Fig. 1 , SSTL inserts resistance Rs 
between a bus 10 having a characteristic impedance Zq 
and a stub (branch from the bus 10) 1 1 having a charac- 
teristic impedance Z v This resistance Rs has a resist- 
ance value related as: 

Z 0 /2 + Rs = Z 1 (1) 

in this case, a signal reflected at a device end and 
returning to the bus 10 will not be reflected again at the 
connection between the stub 11 and the bus 10, 
because impedance matching is in place between the 
stub 1 1 and a point beyond (bus 10). This prevents tran- 
sient responses from interfering with transmitted sig- 
nals, thereby achieving high-speed data transfer. SSTL 
also connects the bus 10 to the termination voltage Vtt 
via termination resistances Rt as shown in Fig.1. The 
termination voltage Vtt is set lower than a power voltage 
level. Choice of an appropriate value for the termination 



resistance Rt can prevent signal reflections at the end 
points of the bus 10. 

In practice, the termination voltage Vtt is substan- 
tially 1.5V, and a reference voltage Vref used in receiv- 
5 ers (input units for receiving signals from the bus) is also 
substantially set to 1 5V. The termination resistance Rt 
is about 50 U and the resistance Rs is approximately 25 
ft 

The SSTL described above can achieve high- 

io speed data transfer, but has a problem in terms of 
power consumption. Personal computers and engineer- 
ing workstations are generally provided with a function 
to reduce a clock frequency for power conservation. 
This function may be activated when no input entry from 

is a keyboard is made for a predetermined time period. 
However, systems complying with the SSTL standard 
require input buffers for high-speed data transfer to be 
provided on the input side of devices, and these input 
buffers consume a large amount of power. On the side 

20 of the bus. also, the terminal resistances Rt consume 
power. These factors prevent the SSTL systems from 
achieving a sufficient reduction in power consumption 
even when the clock frequency is reduced. 

Accordingly, an SSTL system needs an input/out- 

25 put interface and a bus configuration which achieve a 
sufficient reduction in power consumption by switching 
from a high-speed transfer mode to a low-speed trans- 
fer mode. 

Considering the main objective of SSTL which is to 

30 achieve high-speed data transfer, it is desirable if high- 
speed characteristics of SSTL are further enhanced. 
This may be achieved by incorporating into chips used 
in SSTL systems some features which can enhance the 
high-speed characteristics of the system. It is prefera- 

35 ble, however, to be able to use the same chips in LVTTL 
systems as well as in SSTL systems, in consideration of 
the diversity of chip usage. 

In general, chips for SSTL are usable in LVTTL 
without any change. Namely, these chips can be built in 

40 a low-speed system using LVTTL, and, at the same 
time, can be built in a high-speed system using SSTL. If 
such features as enhancing the high-speed characteris- 
tics of SSTL are incorporated into these chips by spe- 
cializing the chips, these chips may not be usable in 

45 LVTTL systems. 

Accordingly, it is desirable to have an input/output 
interface which enhances the high-speed characteris- 
tics of SSTL and is usable in LVTTL systems, and a chip 
having such an input/output interface. 

so Accordingly, there is a need in SSTL for an 
input/output interface and a bus configuration which can 
achieve a sufficient reduction in power consumption by 
switching from a high-speed transfer mode to a low- 
speed transfer mode. 

55 Also, there are needs for an input/output interface 
which can enhance the high-speed characteristics of 
SSTL and yet be usable in LVTTL systems, and for a 
chip having such an input/output interface. 
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SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide an input/output interface and a chip 
which can satisfy the needs described above. 

It is another and more specif ic object of the present 
invention to provide a bus configuration which can 
achieve a sufficient reduction in power consumption by 
switching from a high-speed transfer mode to a low- 
speed transfer mode. 

In order to achieve the above objects according to 
the present invention, a system for signal transmission 
has at least one bus for the signal transmission and a 
reflection-prevention resistance provided on a stub con- 
nected to the bus for preventing reflection of signals at 
an intersection between the bus and the stub. The sys- 
tem includes termination resistances, and a switch unit 
for coupling the bus to termination voltage via the termi- 
nation resistances in a first mode and for disconnecting 
the bus from the termination voltage in a second mode. 

In the system described above, the bus used in an 
SSTL system is disconnected from the termination volt- 
age by the switch unit, thereby achieving a sufficient 
reduction in power consumption when switching from 
the high-speed transfer mode to the low-speed transfer 
mode. 

It is still another object of the present invention to 
provide an input/output interface which can achieve a 
sufficient reduction in power consumption by switching 
from a high-speed transfer mode to a low-speed trans- 
fer mode. 

In order to achieve the above object according to 
the present invention, an input buffer circuit connected 
to a bus for receiving signals from the bus includes a 
first buffer receiving the signals, the first buffer operating 
in a first mode in which the signals are transmitted on 
the bus through a first frequency, a second buffer receiv- 
ing the signals, the second buffer operating in a second 
mode in which the signals are transmitted on the bus 
through a second frequency lower than the first fre- 
quency, and a unit for providing one of an output of the 
first buffer and an output of the second buffer to an inter- 
nal circuit, wherein power consumption of the second 
buffer during operation thereof is lower than power con- 
sumption of the first buffer during operation thereof. 

The input buffer circuit described above has the first 
buffer operating during the high-speed transfer mode 
and the second buffer operating during the low-speed 
transfer mode, and the second buffer has a power con- 
sumption rate lower than that of the first buffer. There- 
fore, a switch from the high-speed transfer mode to the 
low-speed transfer mode can achieve a sufficient cut in 
the power consumption. 

It is yet another object of the present invention to 
provide an input/output interface which can enhance the 
high-speed characteristics of SSTL and yet is usable in 
LVTTL systems. 

In order to achieve the above object, an output 



buffer for transmitting signals to a bus according to the 
present invention is built in a device connected to the 
bus. The output buffer includes a first buffer outputting 
the signals to the bus, a second buffer outputting the 

5 signals to the bus, the second buffer being in parallel 
connection with the first buffer and having a smaller 
driving power for transmitting the signals than the first 
buffer, and a power switching unit for switching between 
a first mode to drive the first buffer and a second mode 

to to drive the second buffer, wherein the first mode is 
used when the device is incorporated into a system hav- 
ing termination resistances connecting the bus to termi- 
nation voltage and a reflection-prevention resistance 
provided on a stub connected to the bus for preventing 

15 reflection of the signals at an intersection between the 
bus and the stub, and the second mode is used when 
the device is incorporated into a system having no ter- 
mination resistances. 

The output buffer described above boosts the high- 

20 speed characteristics of SSTL when used in an SSTL 
system by transmitting signals by using a greater driving 
power, but transmits signals by using the smaller driving 
power so as to be usable also in an LVTTL system. 
It is yet another object of the present invention to 

25 provide a chip having the above-mentioned input/output 
interface. 

In order to achieve the above object, a device 
according to the present invention connected to a bus 
for signal transmission includes a first buffer outputting 

30 the signals to the bus, a second buffer outputting the 
signals to the bus, the second buffer being in parallel 
connection with the first buffer and having a smaller 
driving power for transmitting the signals than the first 
buffer, and a power switching unit for switching between 

35 a first mode to drive the first buffer and a second mode 
to drive the second buffer, wherein the first mode is 
used when the device is incorporated into a system hav- 
ing termination resistances connecting the bus to termi- 
nation voltage and a reflection-prevention resistance 

40 provided on a stub connected to the bus for preventing 
reflection of the signals at an intersection between the 
bus and the stub, and the second mode is used when 
the device is incorporated into a system having no ter- 
mination resistances. 

45 The device chip described above boosts the high- 
speed characteristics of SSTL when used in an SSTL 
system by transmitting signals by using a greater driving 
power, but also transmits signals by using the smaller 
driving power so as to be usable in a LVTTL system. 

so Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. 



55 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is an illustrative drawing showing a bus config- 
uration of SSTL; 
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Fig.2 is an illustrative drawing showing a bus config- 
uration according to a first principle of the present 
invention; 

Fig.3 is an illustrative drawing showing a signal- 
transmission system according an embodiment of s 
the first principle of the present invention; 
Fig.4 is a flowchart of a control procedure for 
switching from a high-speed (high-power-consump- 
tion) mode to a low-speed (low-power-consump- 
tion) mode; 10 
Fig.5 is a flowchart of a control procedure for 
switching from the low-speed (low-power-consump- 
tion) mode to the high-speed (high-power-con- 
sumption) mode; 

Figs.6A and 6B are block diagrams of input buffer 15 
units according to a second principle of the present 
invention; 

Fig.7 is a circuit diagram of a first embodiment of an 
input buffer unit according to the second principle of 
the present invention; 20 
Fig.8 is a circuit diagram of a second embodiment 
of an input buffer unit according to the second prin- 
ciple of the present invention; 
Fig.9 is a circuit diagram of a third embodiment of 
an input buffer unit according to the second princi- 25 
pie of the present invention; 
Fig. 10 is an illustrative drawing showing an exem- 
plary system using the bus configuration according 
to the first principle of the present invention and 
input buffers according to the second principle of 30 
the present invention; 

Fig.11 is a block diagram of a memory of Fig. 10; 
Fig. 12 is an illustrative drawing showing a data 
structure of data stored in a mode register of the 
memory of Fig.11; 35 
Figs.13A through 13G are time charts for explaining 
clock changes prompted by a change in mode set- 
tings; 

Figs. 1 4A through 1 4G are time charts for explaining 
clock changes prompted by a change in the mode 40 
settings; 

Fig. 15 is a block diagram of a memory which is a 
variation of the memory of Fig.11 according to the 
second principle of the present invention; 
Fig. 16 is an illustrative drawing showing an output 45 
buffer unit according to a third principle of the 
present invention; 

Fig. 17 is a circuit diagram of an embodiment of an 
output buffer unit according to the third principle of 
the present invention; 50 
Fig. 18 is a circuit diagram showing a variation of a 
reference-voltage-comparison unit of Fig. 17; 
Fig. 19 is a block diagram of a synchronous DRAM 
to which the third principle of the present invention 
is applied; and 55 
Fig.20 is a block diagram showing a variation of the 
DRAM of Fig.11. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In the following, principles and embodiments of the 
present invention will be described with reference to the 
accompanying drawings. 

Fig.2 is an illustrative drawing showing a bus config- 
uration according to a first principle of the present inven- 
tion. The bus configuration of Fig.2 includes a bus 10, 
an output buffer 20, a resistance Rs connecting the out- 
put buffer 20 to the bus 10, termination resistances Rt 
connecting the bus 10 to a termination voltage Vtt, 
switch means 21 and 22, and an input buffer 23. Signals 
are transmitted from the output buffer 20 to the input 
buffer 23 via the bus 10. The input buffer 23 is provided 
with a reference voltage Vref, and compares an input 
signal voltage with the reference voltage Vref to deter- 
mine high/low of the input signal. The switch means 21 
and 22 are provided with control signals (see Fig.2), 
which control the switching of the switch means 21 and 
22. 

In a high-speed (high-power-consumption) mode, 
the switch means 21 and 22 are closed by the control 
signals, so that the bus configuration of Fig.2 is equiva- 
lent to that of SSTL. This configuration suppresses sig- 
nal reflections, thereby effecting high-speed data 
transfer using high-frequency signals. Since the bus 10 
is connected to the termination voltage Vtt via the termi- 
nation resistances Rt, signals propagating via the bus 
10 has a relatively small amplitude. 

In a low-speed (low-power-consumption) mode, the 
switch means 21 and 22 are opened by the control sig- 
nals, so that the bus 10 is disconnected from the termi- 
nation voltage Vtt. As a result, the bus configuration of 
Fig.2 is similar to that of LVTTL in this case. Namely, the 
bus configuration of Fig.2 is equivalent to that of LVTTL, 
except for the inserted resistance Rs. Since the termi- 
nation voltage Vtt is not applied, the termination resist- 
ances Rt are functionally non-existent. Signals 
transmitted via the bus 10 in this case have an ampli- 
tude larger than that of the high-speed mode. Also, 
power consumption at the termination resistances Rt is 
zero, so that power consumption can be reduced from 
the case of the high-speed mode. Further, signal trans- 
mission using a reduced signal frequency (clock fre- 
quency) and an increased amplitude can cut down 
power consumption in various parts of the system. 

Fig.3 is an illustrative drawing showing a signal- 
transmission system according to an embodiment of the 
first principle of the present invention. In Fig.3, the same 
elements as those of Fig.2 are referred to by the same 
numerals, and a description thereof will be omitted. 

The signal-transmission system of Fig.3 includes 
the bus 10, the output buffer 20, the input buffer 23, the 
resistance Rs, an MPU 24, and a terminator unit 30. 
The terminator unit 30 includes an inverter 31 , a PMOS 
transistor 32, an NMOS transistor 33. a PMOS transis- 
tor 34, and an NMOS transistor 35. The PMOS transis- 
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tor 32 and the NMOS transistor 33 correspond to the 
switch means 21 and the pertinent termination resist- 
ance Rt of Fig.2, and the PMOS transistor 34 and the 
NMOS transistor 35 correspond to the switch means 22 
and the pertinent termination resistance Rt of Fig.2. A 
pair of the PMOS transistor 32 and the NMOS transistor 
33 has an on/off function, and serves as the termination 
resistance Rt by providing an internal resistance of 
about 50 a The same applies with regard to a pair of 
the PMOS transistor 34 and the NMOS transistor 35. 
Here, a pair of a PMOS transistor and an NMOS transis- 
tor is used for the purpose of suppressing non-linearity 
of internal resistances. This embodiment employs a 
CMOS type consisting of a PMOS transistor and an 
NMOS transistor, but the same effect can be achieved 
by using a pair of an NMOS transistor and another 
NMOS transistor. Such a relation between an NMOS 
transistor and a CMOS is well known. 

The input buffer 23 supplies a control signal LP to 
the terminator unit 30. The control signal LP is set to 
LOW (logical level 0) in the high-speed mode and HIGH 
(logical level 1) in the low-speed mode. 

The control signal LP at LOW turns the PMOS tran- 
sistor 32 and the PMOS transistor 34 on. Since an out- 
put of the inverter 31 becomes HIGH, the NMOS 
transistor 33 and the NMOS transistor 35 are also 
turned on. The bus 10 is thus connected to the termina- 
tion voltage Vtt via the termination resistances Rt. In this 
case, the signal-transmission system of Fig.3 has a 
configuration complying with the SSTL standards, 
thereby conducting transmission of small-amplitude and 
high-frequency signals. 

The control signal LP at HIGH turns the PMOS 
transistor 32 and the PMOS transistor 34 off. Since the 
output of the inverter 31 becomes LOW, the NMOS tran- 
sistor 33 and the NMOS transistor 35 are also turned 
off. The bus 10 is thus disconnected from the termina- 
tion voltage Vtt. In this case, the signal-transmission 
system of Fig.3 has a configuration similar to that of 
LVTTL, thereby conducting transmission of large-ampli- 
tude and low-frequency signals. This is a system of low 
transmission speed and low power consumption. 

Fig.3 shows only one bus line for simplicity of expla- 
nation, but the number of bus lines may be close to 100. 
A large number of bus lines means a large number of 
terminal resistances, so that an input capacitance of a 
node for the control signal LP is increased for the MPU 
24. Then, the MPU 24 may fail to achieve instant switch- 
ing between the low-speed (low-power-consumption) 
mode and the high-speed (high-power-consumption) 
mode. For instant switching between these two modes, 
a procedure described below is used in this embodi- 
ment. 

Fig.4 is a flowchart of a control procedure for 
switching from the high-speed (high-power-consump- 
tion) mode to the low-speed (low-power-consumption) 
mode. 

At step S1, the MPU issues a command for switch- 



ing to the low-speed mode. 

At step S2, a clock frequency is decreased in 
response to the command. The clock frequency is 
reduced to a level at which the system is operable with- 
5 out termination resistances. 

At step S3, clock pulses are allowed to pass just for 
the sake of passing time until the system becomes sta- 
ble at the reduced clock frequency. 

At step S4, the control signal LP is turned to HIGH. 
10 Pairs of the PMOS transistor and the NMOS transistor 
(see Fig.3) are turned off, so that a signal amplitude on 
the bus is enlarged. When viewed in a short time range, 
the turning off of the transistor pairs is not instantly com- 
pleted, but is effected as a gradual increase of the 
15 resistance. Thus, the increase in the amplitude of sig- 
nals on the bus is also gradual. 

Fig.5 is a flowchart of a control procedure for 
switching from the low-speed (low-power-consumption) 
mode to the high-speed (high-power-consumption) 
20 mode. 

At step S1 1 , the MPU issues a command for switch- 
ing to the high-speed mode. 

At step S12, the control signal LP is turned to LOW. 
Pairs of the PMOS transistor and the NMOS transistor 
25 (see Fig.3) are turned on, so that a signal amplitude on 
the bus is decreased. When viewed in a short time 
range, the turning on of the transistor pairs is not 
instantly completed, but is effected as a gradual 
decrease of the resistance. Thus, the decrease in the 
30 amplitude of signals on the bus is also gradual. 

At step S13, clock pulses are allowed to pass just 
for the sake of passing time until the signal amplitude 
becomes stable on the bus. 

At step S14, the clock frequency is raised. 
35 The system of Fig.2 is set to start in either the high- 
speed mode or the low-speed mode when the system is 
powered on. 

Rgs.6A and 6B are block diagrams of input buffer 
units according to a second principle of the present 

40 invention. These input buffer units have such a configu- 
ration that can cope with both the low-speed (low- 
power-consumption) mode and the high-speed (high- 
power-consumption) mode. 

The input buffer unit of Fig.6A includes a high- 

45 speed and high-power-consumption buffer 40, a low- 
speed and low-power-consumption buffer 41 , and sig- 
nal connecting means 42. 

The high-speed and high-power-consumption 
buffer 40 is a differential-input-type amplifier generally 

so used in the field, and receives the reference voltage 
Vref to compare an input signal with the reference volt- 
age Vref. The high-speed and high-power-consumption 
buffer 40 outputs a HIGH signal if the input signal is 
larger than the reference voltage Vref, and outputs a 

55 LOW signal if the input signal is lower than the reference 
voltage Vref. The high-speed and high-power-consump- 
tion buffer 40 also receives the control signal LP, and 
operates only when the control signal LP is LOW. 
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The low-speed and low-power-consumption buffer 
41 is a CMOS buffer generally used in the field. The low- 
speed and low-power-consumption buffer 41 receives 
the control signal LP, and operates only when the con- 
trol signal LP is HIGH. 5 

The signal connecting means 42 supplies the signal 
either from the high-speed and high-power-consump- 
tion buffer 40 or from the low-speed and low-power-con- 
sumption buffer 41 to internal circuits. 

In the high-speed (high-power-consumption) mode, 10 
the control signal LP is set to LOW. The high-speed and 
high-power-consumption buffer 40 is used in this case, 
and data of high-frequency signals are supplied to the 
internal circuits at high speed. In the low-speed (low- 
power-consumption) mode, the control signal LP is set is 
to HIGH. The low-speed and low-power-consumption 
buffer 41 i$ used in this case, and data of low-frequency 
signals is supplied to internal circuits without excessive 
power consumption. 

Fig.6B shows a variation of the input buffer accord- 20 
ing to the second principle of the present invention. The 
input buffer of Fig.6B includes a first buffer 43, a second 
buffer 44. and switch means 45. 

The first buffer 43 and the second buffer 44 are a 
differerrtial-input-type amplifier. MOS transistors of the 25 
first buffer 43 have a wider gate width compared to 
those used in the second buffer 44. The gate width of 
the MOS transistors used in the first buffer 43 is five 
times as wide as those of the second buffer 44, for 
example. The control signal LP is supplied to the first 30 
buffer 43 to control it to be active or inactive. In detail, 
the control signal LP is LOW in the high-speed mode to 
activate the first buffer 43, and is HIGH in the low-speed 
mode to halt the first buffer 43. 

In the high-speed mode, the first buffer 43 and the 35 
second buffer 44 operate in parallel. For the sake of 
explanation, the gate width of the second buffer 44 is 
called a basic gate width. If the gate width of the first 
buffer 43 is five times wider than the basic gate width, 
the first buffer 43 and the second buffer 44 will make up 40 
an input buffer having a gate width six times wider than 
the basic gate width. The input buffer with this gate 
width has a short response time for input signals, 
thereby allowing input of high-frequency signals. This 
input buffer, however, consumes six times as much 45 
power as the second buffer 44. 

In the low-speed mode, only the second buffer 44 
operates. Since a gate width in this case is one-sixth of 
that of the high-speed mode, a response time for input 
signals is slow, so that only low-frequency signals are so 
allowed to be input. In this case, however, power con- 
sumption is one-sixth of that of the high-speed mode. 

The switch means 45 under the control of the con- 
trol signal LP supplies an externally provided reference 
voltage Vref in the high-speed mode, and supplies an 55 
internally generated reference voltage Vref in the low- 
speed mode. The reference voltage Vref, however, can 
be externally provided both in the high-speed mode and 



the low-speed mode. The switch means 45 is not an 
essential part in the second principle of the present 
invention, but is shown as an example of means for sup- 
plying the reference voltage Vref. 

According to the input buffer unit of the second prin- 
ciple of the present invention, the high-power-consump- 
tion buffer suitable for high-speed data transfer and the 
low-power-consumption buffer limited by a low-speed- 
data-transfer capacity are switched therebetween 
according to the control signal. This input buffer can be 
used in systems complying with the SSTL standard to 
reduce power consumption when switched to the low- 
speed mode. The control signal is provided from the 
external processor. For receiving the control signal, a 
control-signal input node may be provided. If a chip is a 
DRAM or the like, a command may be written in a mode 
register so that the mode register can supply the control 
signal to the internal circuits of the chip. 

Fig.7 is a circuit diagram of a first embodiment of an 
input buffer unit according to the second principle of the 
present invention. The input buffer unit of Fig.7 corre- 
sponds to that of Fig.6A. 

TTie input buffer unit of Fig.7 includes a high-speed 
and high-power-consumption buffer 50, a low-speed 
and low-power-consumption buffer 60, and a signal 
connecting unit 70. 

The high-speed and high-power-consumption 
buffer 50 includes PMOS transistors 51 through 54, 
NMOS transistors 55 through 57, a PMOS transistor 58, 
and an NMOS transistor 59. The PMOS transistor 58 
and the NMOS transistor 59 form an inverter, which 
inverts the control signal LP to obtain an inverse control 
signal /LP (the symbol 7" hereinafter indicates inverse). 
The PMOS transistors 52 and 53 and the NMOS tran- 
sistors 55 through 57 make up a differential amplifier. 
The differential amplifier is controlled as to whether or 
not it operates by the inverse control signal /LP, which is 
applied to the PMOS transistors 51 and 54 and the 
NMOS transistor 57. 

In the high-speed mode, the control signal LP is 
LOW, and the inverse control signal /LP is HIGH. This 
inverse control signal /LP turns the PMOS transistors 51 
and 54 off, and turns the NMOS transistor 57 on. The 
differential amplifier compares an input signal applied to 
the gate of the NMOS transistor 55 with the reference 
voltage Vref applied to the gate of the NMOS transistor 
56. If the input signal has a voltage higher than the ref- 
erence voltage Vref. the high-speed and high-power- 
consumption buffer 50 outputs a LOW signal. If the input 
signal has a voltage lower than the reference voltage 
Vref, the high-speed and high-power-consumption 
buffer 50 outputs a HIGH signal. 

In the low-speed mode, the control signal LP is 
HIGH, and the inverse control signal /LP is LOW This 
inverse control signal /LP turns the PMOS transistors 51 
and 54 on , and turns the NMOS transistor 57 off. The 
high-speed and high-power-consumption buffer 50 thus 
outputs a HIGH signal at all times. 
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The low-speed and low-power-consumption buffer 
60 includes PMOS transistors 61 and 62 and NMOS 
transistors 63 and 64. The PMOS transistors 61 and 62 
and the NMOS transistors 63 and 64 form a NAND cir- 
cuit receiving the control signal LP and the input signal. 

In the high-speed mode, the control signal LP is 
LOW. This control signal LP turns the PMOS transistor 
62 on, and turns the NMOS transistor 63 off. The low- 
speed and low-power-consumption buffer 60 in this 
case outputs a HIGH signal at all times. 

In the low-speed mode, the control signal LP is 
HIGH. With this control signal LP, the NAND circuit com- 
prising the PMOS transistors 61 and 62 and the NMOS 
transistors 63 and 64 operates as an inverter for invert- 
ing the input signal. The low-speed and low-power-con- 
sumption buffer 60 in this case outputs an inverse signal 
of the input signal. 

The signal connecting unit 70 includes PMOS tran- 
sistors 71 and 72 and NMOS transistors 73 and 74. The 
PMOS transistors 71 and 72 and the NMOS transistors 
73 and 74 constitute a NAND circuit. In either the high- 
speed mode or the low-speed mode, an inactive one of 
the high-speed and high-power-consumption buffer 50 
and the low-speed and low-power-consumption buffer 
60 provides the HIGH signal at ail times. One of these 
buffers which is active provides an inverse of the input 
signal. The signal connecting unit 70 thus generates an 
output which is the same as the input signal, by invert- 
ing the inverse input signal. The signal connecting unit 
70 supplies this input signal to the internal circuits. 

Fig.8 is a circuit diagram of a second embodiment 
of an input buffer unit according to the second principle 
of the present invention. The input buffer unit of Fig.8 
corresponds to that of Fig.6B. 

The input buffer unit of Fig.8 includes a first buffer 
80. a second buffer 90, and an inverter 100. 

The first buffer 80 includes PMOS transistors 81 
through 83, NMOS transistors 84 through 86. PMOS 
transistors 87 and 88. and an NMOS transistor 89. The 
PMOS transistor 88 and the NMOS transistor 89 form 
an inverter, which inverts the control signal LP to gener- 
ate an inverse control signal /LP. The PMOS transistors 
81 and 82 and the NMOS transistors 84 through 86 
make up a differential amplifier. On/off of the differential 
amplifier is controlled by the inverse control signal /LP 
which is applied to the PMOS transistors 83 and 87. 

In the high-speed mode, the control signal LP is 
LOW. and the inverse control signal /LP is HIGH. In this 
case, the PMOS transistors 83 and 87 are turned off, 
and the NMOS transistors 84 through 86 are turned on. 
As a result, the PMOS transistors 81 and 82 and the 
NMOS transistors 84 through 86 collectively operate as 
the differential amplifier. The differential amplifier com- 
pares an input signal applied to the gate of the NMOS 
transistor 84 with the reference voltage Vref applied to 
the gate of the NMOS transistor 85. If the input signal 
has a voltage higher than the reference voltage Vref, the 
first buffer 80 outputs a LOW signal. If the input signal 



has a voltage lower than the reference voltage Vref, the 
first buffer 80 outputs a HIGH signal. 

In the low-speed mode, the control signal LP is 
HIGH, and the inverse control signal /LP is LOW. This 

5 inverse control signal /LP turns the PMOS transistors 83 
and 87 on , and turns the NMOS transistor 86 off. Also, 
the PMOS transistor 81 is turned off. Since the PMOS 
transistor 87 is on, the NMOS transistor 84 is off regard- 
less of the input signal. As a result, the first buffer 80 has 

w an output which is floated (not connected to any volt- 
age) at all times. 

The second buffer 90 includes PMOS transistors 91 
and 92 and NMOS transistors 93 through 95. These 
transistors make up a differential amplifier. Regardless 

is of the operation mode, the second buffer 90 outputs a 
LOW signal if the input signal has a voltage higher than 
the reference voltage Vref. The input signal's voltage 
lower than the reference voltage Vref results in the sec- 
ond buffer 90 outputting a HIGH signal . 

20 The inverter 100 includes a PMOS transistor 101 
and an NMOS transistor 102. In the high-speed mode, 
both the first buffer 80 and the second buffer 90 operate 
to supply an inverse of the input signal. The inverter 100 
thus produces an output which is returned to the input 

25 signal by inverting the inverse of the input signal. In the 
low-speed mode, the first buffer 80 has a floating output, 
which can be ignored. The inverter 100 thus outputs the 
input signal which is obtained by inverting the output 
signal of the second buffer 90. 

30 Fig.9 is a circuit diagram of a third embodiment of 
an input buffer unit according to the second principle of 
the present invention. The input buffer unit of Fig.9 cor- 
responds to that of Fig.6B. In Fig.9, the same elements 
as those of Fig.8 are referred to by the same numerals, 

35 and a description thereof will be omitted. 

The input buffer unit of Fig.9 includes the first buffer 
80, the second buffer 90, and the inverter 100 as does 
the input buffer unit of Fig.8. In Fig.9, the reference volt- 
age Vref supplied to the input buffer unit of the third 

40 embodiment is internally generated in the low-speed 
mode within the chip having the input buffer unit of 
Fig.9. The reference-voltage switching/generating unit 
for this purpose includes a PMOS transistor 110. invert- 
ers 111 and 112, NMOS transistors 113 and 114, and 

45 resistances R1 and R2. 

The control signal LP is input to the inverter 112, 
whose output is supplied to the gate of the PMOS tran- 
sistor 1 1 0, the input of the inverter 1 1 1 , and the gate of 
the NMOS transistor 1 1 4. The output of the inverter 1 1 1 

so is supplied to the gate of the NMOS transistor 1 1 3. The 
NMOS transistors 1 13 and 1 14 are connected in series, 
with the external reference voltage Vref applied to the 
drain of the NMOS transistor 114, and a point between 
the resistances R1 and R2, connected in series, is cou- 

55 pled to the drain of the NMOS transistor 1 1 3. The drain 
of the PMOS transistor 1 10 is connected to a series of 
the resistances R1 and R2 on the side of the resistance 
R1 . and the resistance R2 is coupled to the ground. 
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In the high-speed mode, the control signal LP is 
LOW, and the output of the inverter 112 is HIGH. This 
inverter output turns the PMOS transistor 1 10 off, and 
turns the NMOS transistor 1 14 on. The inverter 1 11 in 
this case outputs LOW, so that the NMOS transistor 113 5 
is turned off. The external reference voltage Vref is thus 
supplied to the first buffer 80 and the second buffer 90. 

Since the PMOS transistor 1 1 0 is off in this case, an 
electric current is not wasted by flowing through the 
resistances R1 and R2. thereby conserving power con- w 
sumption. 

In the low-speed mode, the control signal LP is 
HIGH, and the output of the inverter 1 12 is LOW. This 
inverter output turns the PMOS transistor 110 on, so 
that a current flows through the resistances R1 and R2 is 
to generate the reference voltage Vref at a connecting 
point between the resistances R1 and R2. The output of 
the inverter 1 1 1 is turned to HIGH, turning the NMOS 
transistor 113 on. The internally generated reference 
voltage Vref is thus supplied to the first buffer 80 and the 20 
second buffer 90. 

Fig. 10 is an illustrative drawing showing an exem- 
plary system using the bus configuration according to 
the first principle of the present invention and input buff- 
ers according to the second principle of the present 25 
invention. In Fig. 10, the same elements as those of 
Fig.3 are referred to by the same numerals, and a 
description thereof will be omitted. 

The system of Fig. 10 includes terminator units 30A 
and 30B, termination resistances Rta, the bus 1 0, a plu- 30 
rality of stubs 1 1 , resistances Rs each inserted between 
a stub 1 1 and the bus 10, a driver 12, and memories 13. 
The driver 1 2 and the memories 1 3 are connected to the 
stubs 11. The terminator units 30A and 30B of Fig.10 
are the same as the terminator unit 30 of Fig.3. except 35 
that the terminator unit 30 is divided into two parts in 
Fig.10, and a description thereof will be omitted. In this 
example, the termination resistances Rta are connected 
between the bus 10 and the terminator units 30 A and 
30B, respectively. In this manner, not only the internal 40 
resistances of the transistors of the terminator units but 
also the termination resistances Rta in combination with 
the internal resistances may be used for forming total 
termination resistances. In Fig.10, the control signal LP 
is provided from a processor (not shown). 45 

Fig.1 1 is a block diagram of a memory 13 (Fig.10). 
The second principle of the present invention is applied 
to the memory 13 of Fig.11 . The memory 13 of Fig.10 is 
a synchronous DRAM taken as an example, and 
includes a clock buffer 231, a command decoder 232, so 
an address-buffer-and-bank-seledor unit 233, an l/O- 
data buffer 234, control-signal latches 235, a mode reg- 
ister 236. column-address counters 237, and a memory 
core 238 including a plurality of memory banks. 

The clock buffer 231 buffers a clock signal exter- 55 
nally provided, and supplies the clock signal to each 
block of the memories 13. The command decoder 232 
buffers and decodes command inputs, and supplies the 



decoded results to the control-signal latches 235 and 
the mode register 236. The address-buffer-and-bank- 
selector unit 233 receives and buffers a bank address 
and an intra-bank address for accessing a data- 
read/write address, and supplies them to the mode reg- 
ister 236, the column-address counters 237, and the 
memory core 238. Here, data to the mode register 236 
is input data provided through address input nodes for 
setting an operation mode of the memory 13. Data to 
the memory core 238 is a row address extracted from 
the received address. The l/O-data buffer 234 is a 
buffer/register used for inputting/outputting data signals, 
and works as an intermediary buffer for the memory 
core 238 to input/output data. 

The control-signal latches 235 receive an input 
from the command decoder 232, and store control sig- 
nals such as RAS, CAS. and WE for each memory bank 
of the memory core 238. The column-address counters 
237 receive inputs from the address-buffer-and-bank- 
seiector unit 233 and the mode register 236. When an 
input from the mode register 236 indicates a burst 
mode, for example, the column-address counters 237 
generate successive column addresses to supply them 
to each memory bank of the memory core 238. 

In Fig.11. each of the clock buffer 231, the com- 
mand decoder 232, the address-buffer-and-bank-selec- 
tor unit 233, and the l/0<lata buffer 234 is provided with 
an input buffer according to the second principle of the 
present invention. Namely, these buffers are equipped 
with a function to switch between the high-power-con- 
sumption buffer suitable for high-speed data transfer 
and the low-power-consumption buffer having a limited 
low-speed-data-transfer capacity. In this manner, a 
reduction in power consumption can be achieved by 
switching to the low-speed mode in systems complying 
with the SSTL standard. 

As shown by dotted lines in Fig. 1 1 , the mode regis- 
ter 236 supplies the control signal LP to each buffer of 
the memory 13. In general, the mode register 236 is 
provided to store information on a burst length, a burst 
type, a CAS latency, etc, and controls the column- 
address counters 237 based on this information. In the 
memory 13 according to the second principle of the 
present invention, the mode register 236 further stores 
information indicating either one of the high-speed 
mode or the low-speed mode, and controls the control 
signal LP based on this information. The control signal 
LP is LOW in the high-speed mode and HIGH in the low- 
speed mode, as in the first through third embodiments 
of the second principle described above. 

Fig. 12 is an illustrative drawing showing a data 
structure of the data stored in the mode register 236 of 
the memory 13. Bits AO through A1 1 shown in the figure 
correspond to input pins used for setting the mode reg- 
ister 236. 

As shown in Fig. 12, the bits AO through A2 are used 
for indicating a burst length. The bit A3 specifies a burst 
type as being sequential or interleave. The bits A4 
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through A6 are used for setting a CAS latency. At 
present, the bits A7 through All are generally not used, 
and are set to zero. In the present invention, the bit A7. 
for example, is used for indicating one of the high-speed 
(high-power-consumption) mode and the low-speed 
(low-power-consumption) mode. For example, the bit 
A7 set to 0 makes the memory 13 operate in the low- 
speed mode, and the bit A7 being set to 1 makes the 
memory 13 operate in the high-speed mode. 

Figs. 1 3A through 1 3G are time charts for explaining 
clock changes prompted by a change in the mode set- 
ting. In these figures, an example of switching from the 
low-speed mode to the high-speed mode is shown. As 
shown in Fig.13A, a dock signal CLK initially has a large 
amplitude and a low frequency in accordance with the 
low-speed mode. Then, a signal CKE (Fig.13B) is 
turned to HIGH, and signals /CS, /RAS, /CAS, and /WE 
(Figs.13C through 13F) are changed to LOW, so that 
data comprising the bit AO through A1 1 is set to the 
mode register 236. In Fig.13G, signals applied to pins 
AO through A1 1 have 1 at the bit A7. 

Following these changes, the control signal LP is 
changed to LOW. In response, the bus 10 is coupled to 
the termination voltage Vtt via the terminator units 30A 
and 30B in Fig.10. The bus 10 is thus switched to the 
high-speed data transfer based on SSTL In reality, a 
change in the control signal LP to LOW does not prompt 
instant changes in the internal resistances of the tran- 
sistors of the terminator units 30 A and 30 B, but these 
internal resistances change gradually. Because of this, 
signals on the bus 10 such as the clock signal CLK of 
Fig.13A and the signals AO through A11 of Fig.13G 
have amplitudes which are gradually decreased follow- 
ing the change to LOW of the control signal LP. Until 
these signals are stabilized, a plurality of clock pulses 
are allowed to pass by just for the sake of passing time. 
The clock signal CLK is changed to a higher frequency 
when the amplitudes on the bus are stabilized. 

Figs. 1 4A through 1 4G are time charts for explaining 
clock changes prompted by a change in the mode set- 
ting. In these figures, an example of switching from the 
high-speed mode to the low-speed mode is shown. As 
shown in Fig.13A, a clock signal CLK initially has a 
small amplitude and a high frequency in accordance 
with the high-speed mode. Then, a signal CKE 
(Fig.14B) is turned to HIGH, and signals /CS, /RAS, 
/CAS, and /WE (Figs.14C through 14F) are changed to 
LOW, so that data comprising the bit AO through A1 1 is 
set to the mode register 236. In Fig.14G, signals applied 
to pins AO through A1 1 have 0 at the bit A7. At the same 
time, the clock signal CLK changed from the high-fre- 
quency dock to a low-frequency clock. 

Following these changes, the control signal LP is 
changed to HIGH. In response, the bus 10 is discon- 
nected from the termination voltage Vtt by the termina- 
tor units 30A and 30B in Fig.10. The bus 10 is thus 
switched to that of low-speed data transfer and low- 
power consumption. In reality, a change in the control 



signal LP to HIGH does not prompt instant changes in 
the internal resistances of the transistors of the termina- 
tor units 30A and 30B, but these internal resistances 
change gradually. Because of this, signals on the bus 

5 such as the clock signal CLK of Fig.1 4A and the signals 
AO through A1 1 of Fig.14G have amplitudes which are 
gradually increased following the change to HIGH of the 
control signal LP 

Fig. 1 5 is a block diagram of a memory 1 3 A which is 

10 a variation of the memory 13 according to the second 
principle of the present invention. In the memory 13A, 
the command decoder 232 and the address-buffer-and- 
bank-selector unit 233 are replaced by the command 
decoder 232A and the address-buff er-and-bank-selec- 

75 tor unit 233 A, respectively. The command decoder 
232A and the address-buffer-and-bank-selector unit 
233A are buffers of low-speed data transfer and low 
power consumption, and are not provided wiih the 
mode switching function. 

20 In this variation, only the clock buffer 231 and the 
l/O-data buffer 234 are provided with the mode switch- 
ing function to switch between the high-speed mode 
and the low-speed mode. The clock buffer 231 needs 
the mode switching function because the clock buffer 

25 231 must have a quick response and sufficient timing 
accuracy in detecting a clock signal, and a low-speed 
buffer cannot meet these requirements. As for other 
buffers, buffer ICs which may be provided outside the 
memory 13A for waveform correction can make these 

30 buffers substantially operable in the high-speed mode. 
Because of this reason, the command decoder 232 A 
and the address-buffer-and-bank-selector unit 233A do 
not have to have the mode switching function. 

Since signal flows of commands and addresses are 

35 limited to one direction, these buffer ICs can be used for 
command input and address input. Since the data sig- 
nals have two-way signal flows for input and output, 
transceivers must be used rather than the buffer ICs. 
Unfortunately, transceivers generally have a problem in 

40 that they are slow in operation. In order to avoid the use 
of these slow transceivers, the l/O-data buffer 234 
needs to be equipped with the mode switching function. 

Fig. 16 is an illustrative drawing showing an output 
buffer unit according to a third principle of the present 

45 invention. The first principle and the second principle of 
the present invention achieve a sufficient reduction in 
power consumption by switching between the high- 
speed and high-power-consumption mode and the low- 
speed and low-power-consumption mode in a given 

so SSTL system. The third principle is concerned with a 
further enhancement of SSTL's high-speed characteris- 
tics while enabling use of the same chips in both of 
SSTL systems and LVTTL systems. 

The output buffer unit of Fig. 16 includes an output- 

55 driving-capacity switching unit 120 and an output buffer 
130. Tne output buffer 130 indudes NMOS transistors 
131 and 133 and PMOS transistors 132 and 134. The 
output-driving-capacity switching unit 120 receives a 
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data signal from an internal circuit, and outputs signals 
to output nodes L1 through L4. The control signal ST 
controls the output-driving-capacity switching unit 120 
as to which output nodes carry output signals. 

The output nodes L1 through L4 are connected to 5 
the gates of the transistors 131 through 134 of the out- 
put buffer 130. In Fig. 16. the NMOS transistor 131 and 
the PMOS transistor 132 are used in both an SSTL sys- 
tem and an LVTTL SYSTEM. The NMOS transistor 133 
and the PMOS transistor 134 are dedicated for use in w 
the SSTL system. 

When the chip is built in the LVTTL system, the con- 
trol signal ST is set to LOW, for example. The output- 
driving-capacity switching unit 120 in this case outputs 
an inverse of the data signal only to the output nodes L1 15 
and L2. That is, the output-driving-capacity switching 
unit 120 operates such that the output nodes Li and L2 
become LOW when the data signal is HIGH. In 
response, the PMOS transistor 132 of the output buffer 
130 is turned on, and the NMOS transistor 1 31 is turned 20 
off, thereby providing a HIGH signal as an output signal 
Dout. When the data signal is LOW, the output-driving- 
capacity switching unit 120 outputs a HIGH level to the 
output nodes L1 and L2. This HIGH level turns the 
PMOS transistor 132 off and the NMOS transistor on, 25 
thereby producing a LOW signal as an output signal 
Dout. 

When the chip is built in the SSTL system, the con- 
trol signal ST is set to HIGH, for example. With this set- 
ting, the output<lriving-capacity switching unit 120 so 
outputs an inverse of the data signal to all the output 
nodes L1 through L4. That is, the output-driving-capac- 
ity switching unit 120 operates such that all the output 
nodes L1 through L4 become LOW when the data sig- 
nal is HIGH. In response, the PMOS transistors 1 32 and 35 
134 of the output buffer 130 are turned on, and the 
NMOS transistors 131 and 133 are turned off, which 
leads to the output signal Dout being HIGH. When the 
data signal is LOW, on the other hand, the outpuMriv- 
ing-capacity switching unit 1 20 outputs a HIGH signal to 40 
all the output nodes L1 through L4. In this case, the 
PMOS transistors 132 and 134 of the output buffer 130 
are turned off. and the NMOS transistors 131 and 133 
are turned on, thereby generating a LOW signal as the 
output signal Dout. 45 

When built in the LVTTL system, as previously 
described, only the NMOS transistor 131 and the PMOS 
transistor 132 are operated in the output buffer 130. 
Since the LVTTL system does not have reflection-pre- 
vention resistances, sizes of these transistors are cho- so 
sen such that signals can maintain appropriate 
waveforms despite the presence of signal reflections. If 
the driving power of the output buffer 130 is excessively 
strong, the signal waveforms are disturbed by the signal 
reflections. In consideration of this, the NMOS transistor 55 
131 preferably has a gate width ranging from 200 urn to 
300 urn and a gate length of about 1.2 urn. and the 
PMOS transistor 132 preferably has a gate width within 



a range between 800 urn and 1000 ^m and a gate 
length of approximately 1.2 urn. 

When built in the SSTL system, the NMOS transis- 
tors 131 and 133 and the PMOS transistors 132 and 
134 are used in the output buffer 130. In this case, the 
output buffer 130 has a stronger driving power com- 
pared to when built in the LVTTL system. Since the 
SSTL system has reflection-prevention resistances (Rs 
of Fig.1). signals do not have transient fluctuation even 
if driven by strong driving power, and the use of the 
strong driving power has a merit to prompt a rapid rise 
in the signal. At first sight, it seems that signals can be 
transmitted at high speed by using the SSTL voltage 
level with driving power weaker than that used in the 
LVTTL voltage level because the SSTL voltage level has 
a smaller amplitude than the LVTTL voltage level. Some 
analysis by the inventor of the present invention, how- 
ever, revealed that use of stronger driving power for the 
SSTL voltage level shortens a transmission time for a 
signal to reach a resistance Rs, thereby enabling faster 
transmission. Thus, the use of the stronger driving 
power can further enhance the high-speed characteris- 
tics of SSTL. For use in the SSTL system, the NMOS 
transistors 131 and 133 preferably have a combined 
gate width of about 240 jim and a gate length of approx- 
imately 1.2 urn, and the PMOS transistors 132 and 134 
preferably have a combined gate width of approximately 
900 urn and an approximately 1.2-^im gate length. 

In this embodiment, the PMOS transistor 132 and 
the NMOS transistor 131 are operated when built in the 
LVTTL system, and the PMOS transistors 132 and 134 
and the NMOS transistors 131 and 133 are operated 
when built in the SSTL system. Alternately, the PMOS 
transistor 132 and the NMOS transistor 131 may be 
chosen to have stronger driving power than the PMOS 
transistor 134 and the NMOS transistor 133. so that the 
PMOS transistor 134 and the NMOS transistor 133 can 
be used when applied to the LVTTL system, while only 
the PMOS transistor 132 and the NMOS transistor 131 
are driven in the case of the SSTL system. 

In this manner, the use of the output buffer unit 
according to the third principle of the present invention 
enhances the high-speed characteristics of SSTL, while 
same chips are usable in either of SSTL systems or 
LVTTL systems. 

Fig. 17 is a circuit diagram of an embodiment of an 
output buffer unit according to the third principle of the 
present invention. The output buffer unit of Fig. 17 
includes an output buffer 130, an output-driving-power 
switching unit 140, a reference-voltage-comparison unit 
150, and a reference-voltage-generation unit 160. In 
Fig. 17, the same elements as those of Fig. 16 are 
referred to by the same numerals, and a description 
thereof will be omitted. 

The output-driving-power switching unit 140 
includes NOR circuits 141 and 142, NAND circuits 143 
and 144. and inverter 145 through 149. The output-driv- 
ing-power switching unit 140 receives signal TSC, data 
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signal, and the control signal ST. The signal TSC is 
used for controlling tri-state buffer operations, and the 
output node Dout is in a floating (high-impedance) state 
when this signal TSC is HIGH. The signal TSC is LOW 
when signals are output from the output buffer 1 30. 5 

First, operations are looked into in the case of the 
signal TSC being HIGH. In this case, an output of the 
NOR circuit 141 is LOW at all times, so that outputs of 
the inverter 147 and the NAND circuit 143 are HIGH. 
The NAND circuit 144, which receives an inverse of the 10 
signal TSC, outputs HIGH at all times, so that outputs of 
the inverter 148 and the NOR circuit 142 are LOW. Con- 
sequently, all the transistors of the output buffer 130 are 
turned off, thereby placing the output node Dout in a 
floating state. 15 

Next, operations when applied to an LVTTL system 
or an SSTL system are looked into in the case of the 
signal TSC being LOW for signal output. 

In the LVTTL system, the control signal ST is LOW. 
An output of the NAND circuit 1 43 in this case becomes 20 
HIGH at all times at the output node L4. Since the NOR 
circuit 142 receives the inverse of the control signal ST, 
the NOR circuit 142 outputs LOW at all times at the out- 
put node L3. Accordingly, the NMOS transistor 133 and 
the PMOS transistor 1 34 of the output buffer 1 30 are not 25 
operated. Since the signal TSC is LOW, each of the 
NOR circuit 141 and the NAND circuit 144 operates as 
an inverter. Accordingly, the inverter 148 and the 
inverter 1 47 produce an inverse signal of the data signal 
at the output node L1 and the output node L2, respec- 30 
tively. As a result, the output signal Dout of the output 
buffer 130 is the data signal driven by the NMOS tran- 
sistor 131 and the PMOS transistor 132. 

In the SSTL system, the control signal ST is HIGH. 
Receiving the control signal ST at one input, the NAND 35 
circuit 143 serves as an inverter for the other input 
thereof. Receiving the inverse of the control signal ST at 
one input, the NOR circuit 142 provides a function to 
invert the other input thereof. Therefore, the output 
nodes L1 through L4 output the inverse of the data sig- 40 
nal. The output signal Dout of the output buffer 130 are 
thus the data signal driven by the transistors 131 
through 134. 

The reference-voltage-comparison unit 150 
receives the reference voltage Vref, and detects the 45 
level of the reference voltage Vref. The reference-volt- 
age-comparison unit 150 generates the control signal 
ST of a LOW level when the reference voltage Vref indi- 
cates the LVTTL system, and produces the control sig- 
nal ST of a HIGH level when it is the SSTL system. The so 
reference voltage Vref is 3.3 V in the case of LVTTL and 
1 .5 V in the case of SSTL, for example. 

The reference-voltage-comparison unit 150 
includes resistances R1 through R3, a capacitor C. 
PMOS transistors 151 through 154, and NMOS transis- ss 
tors 155 through 157. The resistance R1 and the capac- 
itor C comprise a high-cut filter. The reference voltage 
Vref passing through the high-cut filter is input to a dif- 



ferential amplifier which is made up from the PMOS 
transistors 153 and 154 and the NMOS transistors 155 
through 157. The differential amplifier receives at the 
other input a comparison voltage V which is generated 
by the resistances R2 and R3 connected in a series. 
This comparison voltage V is set to about 2 V. The dif- 
ferential amplifier compares the comparison voltage V 
with the reference voltage Vref, and outputs LOW as the 
control signal ST when the reference voltage Vref is 
larger. When the reference voltage Vref is smaller, the 
differential amplifier outputs a HIGH level as the control 
signal ST. 

The reference voltage Vref passing through the 
high-cut filter is also provided to the PMOS transistors 
151 and 152, which are inserted into the power supply 
nodes of the differential amplifier. The PMOS transistors 
151 and 152 are provided in order to cut the power to 
the differential amplifier in the case of LVTTL, so that 
wasteful consumption of power is avoided. When the 
reference voltage Vref is that of the LVTTL level, the dif- 
ferential amplifier is not actually operated. In actuality, 
the turning on of the NMOS transistors 156 and 157 
produces the LOW control signal ST. 

The reference-voltage-generation unit 160 is con- 
trolled by the control signal ST generated by the refer- 
ence-voltage-comparison unit 150. The reference- 
voltage-generation unit 160 supplies the externally pro- 
vided reference voltage Vref to each input buffer in the 
chip in the case of SSTL, and supplies an internally 
generated reference voltage Vref to each input buffer in 
the case of LVTTL. 

The reference-voltage-generation unit 160 includes 
an inverter 161, NMOS transistors 162 and 163, and 
resistances R4 and R5. In the case of LVTTL, the con- 
trol signal ST is LOW, so that the NMOS transistor 163 
is turned off and the inverter 161 outputs HIGH. Receiv- 
ing this HIGH output from the inverter 161, the NMOS 
transistor 162 is turned on. The resistances R4 and R5 
are connected in a series to effect voltage division to 
generate a reference voltage Vref. This internally gener- 
ated reference voltage Vref is supplied to each input 
buffer in the chip via the NMOS transistor 162. In the 
case of SSTL, the control signal ST is HIGH, so that the 
NMOS transistors 162 and 163 are off and on, respec- 
tively. Via the NMOS transistor 163. the externally pro- 
vided reference voltage Vref is supplied to each input 
buffer in the chip. 

Fig.1 8 is a circuit diagram showing a variation of the 
reference-voltage-comparison unit 150. In a reference- 
voltage-comparison unit 150 A of Fig. 18, the PMOS 
transistors 151 and 152 and the NMOS transistor 156 of 
the reference- voltage-comparison unit 1 50 of Fig. 1 7 are 
replaced by the NMOS transistors 151 A and 152A and 
the PMOS transistor 156A having an inverse transistor 
type, respectively. Further, the resistances R2 and R3 
are changed to resistances R2A and R3A. 

The reference voltage Vref applied to the reference- 
voltage-comparison unit 150A of Fig.18 is 0 V in the 
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case of LVTTL and 1 .5 V in the case of SSTL, for exam- 
pie. The resistances R2A and R3A, connected in a 
series, generate an intermediate voltage between 0 V 
and 1 .5 V which is used as the comparison voltage V. In 
a similar manner to operations of the reference-voltage- 5 
comparison unit 150 of Rg. 17, the control signal ST 
becomes LOW when the chip is built in the LVTTL sys- 
tem, and becomes HIGH when the chip is built in the 
SSTL system. 

In the above<Jescribed embodiments of the third w 
principle of the present invention, the reference voltage 
Vref is used in the comparison to switch the driving pow- 
ers. The third principle of the present invention, how- 
ever, is not limited to these embodiments. For example, 
the control signal ST may be received from an external is 
source by providing an input node for receiving the con- 
trol signal ST, or the control signal ST may be set in a 
mode register when the chip is a DRAM chip or the like, 
by giving a command to set the control signal ST in the 
mode register. 2 o 

Fig. 19 is a block diagram of a synchronous DRAM 
to which the third principle of the present invention is 
applied. In Rg. 1 9, the same elements as those of Fig. 1 1 
are referred to by the same numerals, and a description 
thereof will be omitted. 2 s 

A memory 13B of Fig. 19 differs from the memory 
13 of Fig. 11 in each buffer and the mode register. The 
memory 13B of Fig. 19 includes a clock buffer 231 B, a 
command decoder 232B, an address-buffer-and-bank- 
selector unit 233B, an l/O-data buffer 234B, and a mode 30 
register 236B. The clock buffer 231 B, the command 
decoder 232B, and the address-buffer-and-bank-selec- 
tor unit 233B may be high-speed buffers generally used 
in the field. When the low-speed mode is used in an 
SSTL system for power conservation, however, these 35 
buffers may be provided with the function to switch 
between the high-speed (high-power-consumption) 
mode and the low-speed (low-power-consumption) 
mode. 

The l/O-data buffer 234B is an output buffer accord- 40 
ing to the third principle of the present invention. The 
mode register 236B stores information indicating either 
one of SSTL or LVTTL, and controls the control signal 
ST based on this information. This information is set to 
the mode register 236B in the same manner as 45 
described with reference to Fig. 12. The setting of this 
information, however, is made at the time of system 
implementation or system activation by indicating 
whether an SSTL system is to be used or an LVTTL sys- 
tem is to be used. 50 

The control signal ST from the mode register 236B 
is supplied to the l/O-data buffer 234B. Based on the 
control signal ST, an output buffer of the l/O-data buffer 
234B steps up the output driving power when the chip is 
used in the SSTL system. 55 

In the DRAM of Fig. 1 1 previously described accord- 
ing to the second principle, the control signal LP for 
switching between the high-speed and high-power-con- 



sumption mode and the low-speed and low-power-con- 
sumption mode is stored in the mode register 236. 
Since currently used DRAMs have many unused pins, 
however, some of these unused pins may be used as 
control-input pins for switching power-consumption 
modes. 

Rg.20 is a block diagram showing a variation of the 
DRAM of Fig. 1 1 . In Fig.20. the same elements as those 
of Fig.1 1 are referred to by the same numerals, and a 
description thereof will be omitted. The DRAM of Fig.20 
includes a mode register 236C and a control-signal- 
input buffer 239. As shown in Fig.20, the control signal 
LP is externally provided to the control-signal-input 
buffer 239, and the control-signal-input buffer 239 sup- 
plies the received control signal LP to each buffer in the 
chip. 

in the same manner, the DRAM of Fig. 19 according 
to the third principle may receive the control signal ST at 
a pin which is unused in traditional use of the DRAM 
chip. 

Further, the present invention is not limited to these 
embodiments, but variations and modifications may be 
made without departing from the scope of the present 
invention. 

Claims 

1 . A system for signal transmission having at least one 
bus (10) for said signal transmission and a reflec- 
tion-prevention resistance (Rs) provided on a stub 
(11) connected to said bus (10) for preventing 
reflection of signals at an intersection between said 
bus (10) and said stub (11), said system character- 
ized by comprising: 

termination resistances (Rt); and 
switch means (21, 22) for coupling said bus 
(10) to termination voltage (Vtt) via said termi- 
nation resistances (Rt) in a first mode and for 
disconnecting said bus (10) from said termina- 
tion voltage (Vtt) in a second mode. 

2. The system as claimed in claim 1 , characterized in 
that said signal transmission uses a first frequency 
in said first mode, and uses a second frequency in 
said second mode, said first frequency being higher 
than said second frequency. 

3. The system as claimed in claim 1 , characterized in 
that said switch means (21, 22) comprises MOS 
transistors (32. 33. 34, 35) having an on/off condi- 
tion controlled by a control signal, and said termina- 
tion resistances (Rt) are internal resistances of said 
MOS transistors (32, 33, 34, 35). 

4. The system as claimed in claim 3, further charac- 
terized by comprising a processor (24) generating 
said control signal. 
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5. A method of switching from a first mode of signal 
transmission using a first frequency to a second 
mode of signal transmission using a second fre- 
quency lower than said first frequency in a system 
which has a bus (10) for said signal transmission, a s 
reflection-prevention resistance (Rs) provided on a 
stub (11) connected to said bus (10) for preventing 
reflection of signals at an intersection between said 
bus (10) and said stub (11). and termination resist- 
ances (Rt) connecting said bus (10) to termination w 
voltage (Vtt). said method characterized by com- 
prising the steps of: 

a) changing a frequency for said signal trans- 
mission from said first frequency to said sec- is 
ond frequency; 

b) waiting until operations of said system 
become stable with the second frequency; and 

c) disconnecting said bus (10) from said termi- 
nation voltage (Vtt) to increase an amplitude of 20 
signals on said bus (10). 

6. A method of switching from a first mode of signal 
transmission using a first frequency to a second 
mode of signal transmission using a second Ire- 25 
quency higher than said first frequency in a system 
which has a bus (10) for said signal transmission 
and a reflection-prevention resistance (Rs) pro- 
vided on a stub (11) connected to said bus (10) for 
preventing reflection of signals at an intersection 30 
between said bus (10) and said stub (11). said 
method characterized by comprising the steps of: 

a) connecting said bus (10) to termination volt- 
age (Vtt) via termination resistances (Rt) to 35 
decrease an amplitude of signals on said bus 
(10). 

b) waiting until said amplitude of said signals 
are stabilized; and 

c) changing a frequency for said signal trans- 40 
mission from said first frequency to said sec- 
ond frequency. 

7. An input buffer circuit connected to a bus (10) for 
receiving signals from said bus (10), said input 45 
buffer characterized by comprising: 

a first buffer (40, 43) receiving said signals, 
said first buffer (40. 43) operating in a first 
mode in which said signals are transmitted on so 
said bus (10) through a first frequency; 
a second buffer (41 . 44) receiving said signals, 
said second buffer (41 , 44) operating in a sec- 
ond mode in which said signals are transmitted 
on said bus (10) through a second frequency 55 
lower than said first frequency; and 
means (42) for providing one of an output of 
said first buffer (40, 43) and an output of said 



second buffer (41 , 44) to an internal circuit, 

wherein power consumption of said sec- 
ond buffer (41, 44) during operation thereof is 
lower than power consumption of said first 
buffer (40, 43) during operation thereof. 

8. The input buffer circuit as claimed in claim 7, char- 
acterized in that said first buffer (40, 50) comprises 
a differential amplifier for determining levels of said 
signals through comparison with a reference volt- 
age (Vref). and said second buffer (41 , 60) is a gate 
comprising a CMOS transistor. 

9. The input buffer circuit as claimed in claim 7, char- 
acterized in that said first buffer (43, 80) comprises 
a first differential amplifier for determining levels of 
said signals through comparison with a reference 
voltage (Vref), and wherein said second buffer (44, 
90) operates in said first mode in addition to said 
second mode and comprises a second differential 
amplifier for determining said levels of said signals 
through comparison with said reference voltage 
(Vref), said second differential amplifier being con- 
nected in parallel with said first buffer (43, 80) and 
having transistors with a narrower gate width than 
transistors of said first differential amplifier 

1 0. The input buffer circuit as claimed in claim 9, further 
characterized by comprising: 

generation means (R1 , R2) generating said ref- 
erence voltage (Vref); and 
switch means (113, 114) for supplying to said 
first buffer (80) and said second buffer (90) said 
reference voltage (Vref) externally provided in 
said first mode, and for supplying to said first 
buffer (80) and said second buffer (90) said ref- 
erence voltage (Vref) internally generated by 
said generation means (R1 , R2) in said second 
mode. 

11. An output buffer for transmitting signals to a bus 
(10), said output buffer provided in a device con- 
nected to said bus (10), said output buffer charac- 
terized by comprising: 

a first buffer (131, 132) outputting said signals 
to said bus (10); 

a second buffer (133, 134) outputting said sig- 
nals to said bus (10), said second buffer (133. 
134) being connected in parallel with said first 
buffer (131, 132); and 

power switching means (120) for switching 
between a first mode to drive said first buffer 
(131. 132) and said second buffer (133, 134) 
and a second mode to drive only said first 
buffer (131. 132). 

wherein said first mode is used when 
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said device is in a system having termination 
resistances (Rt) connecting said bus (10) to 
termination voltage (Vtt) and a reflection-pre- 
vention resistance (Rs) provided on a stub (11) 
connected to said bus (10) for preventing 5 
reflection of said signals at an intersection 
between said bus (10) and said stub (11). and 
said second mode is used when said device is 
in a system having no termination resistances 
(Rt). ii 



1 2. The output buffer as claimed in claim 1 1 , character- 
ized in that said power switching means (120) com- 
prises: 

15 

means for receiving a control signal; and 
means for switching between said first mode 
and said second mode based on said control 
signal. 

20 

1 3. The output buffer as claimed in claim 1 2, character- 
ized in that said control signal is provided externally. 

14. The output buffer as claimed in claim 12, further 
characterized by comprising means (150) for gen- 25 
erating said control signal by determining a level of 
reference voltage (Vref) externally provided to said 
device. 

1 5. The output buffer as claimed in claim 1 2, character- so 
ized in that said control signal is generated based 

on information stored in a register (236B) provided 
in said device. 

1 6. The output buffer as claimed in claim 1 1 , character- 35 
ized in that each of said first buffer (131. 132) and 
said second buffer (133, 134) comprises a PMOS 
transistor and an NMOS transistor connected in 
series between a power voltage and a ground, a 
connecting point between said PMOS transistor 40 
and said NMOS transistor being connected 
between said first buffer ( 1 31 , 1 32) and said second 
buffer (133, 134) to provide a signal appearing at 
said connection point as an output. 

45 

17. A device connected to a bus (10) for signal trans- 
mission, said device characterized by comprising: 

a first buffer (131, 132) outputting said signals 
to said bus (10); so 
a second buffer (133, 134) outputting said sig- 
nals to said bus (10). said second buffer (133, 
134) connected in parallel with said first buffer 
(131, 132); and 

power switching means (120) for switching ss 
between a first mode to drive said first buffer 
(131, 132) and said second buffer (133, 134) 
and a second mode to drive only said first 



buffer (131, 132), 

wherein said first mode is used when 
said device is in a system having termination 
resistances (Rt) connecting said bus (10) to 
termination voltage (Vtt) and a reflection-pre- 
vention resistance (Rs) provided on a stub (11) 
connected to said bus (10) for preventing 
reflection of said signals at an intersection 
between said bus (10) and said stub (1 1), and 
said second mode is used when said device is 
in a system having no termination resistances 
(Rt). 

18. The device as claimed in claim 17, characterized in 
that said power switching means (120) comprises: 

means for receiving a control signal; and 
means for switching between said first mode 
and said second mode based on said control 
signal. 

1 9. The device as claimed in claim 18, characterized in 
that said control signal is provided externally. 

20. The device as claimed in claim 18, further charac- 
terized by comprising means (150) for generating 
said control signal by determining a level of refer- 
ence voltage (Vref) externally provided to said 
device. 

21. The device as claimed in claim 18. further charac- 
terized by comprising: 

a register (236B);and 

means for generating said control signal based 
on information stored in said register. 

22. The device as claimed in claim 1 7, characterized in 
that each of said first buffer (1 31 , 1 32) and said sec- 
ond buffer (133, 134) comprises a PMOS transistor 
and an NMOS transistor connected in a series 
between a power voltage and a ground, a connect- 
ing point between said PMOS transistor and said 
NMOS transistor being connected between said 
first buffer (131, 132) and said second buffer (133. 
134) to provide a signal appearing at said connec- 
tion point as an output. 

23. A DRAM characterized by comprising: 

means (236B) for generating a control signal 
based on information stored in a register; 
a first buffer (131, 132) transmitting data sig- 
nals to a bus (10); 

a second buffer (133, 134) transmitting said 
data signals to said bus (10), said second 
buffer (133, 134) connected in parallel with said 
first buffer (131, 132); 
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power switching means (120) for switching, 
based on said control signal, between a first 
mode to drive said first buffer (131, 132) and 
said second buffer (133. 134) and a second 
mode to drive only said first buffer (131, 132), 5 

wherein said first mode is used when 
said DRAM is in a system having termination 
resistances (Rt) connecting said bus (10) to 
termination voltage (Vtt) and a reflection-pre- 
vention resistance (Rs) provided on a stub (1 1) 10 
connected to said bus (10) for preventing 
reflection of said data signals at an intersection 
between said bus (10) and said stub (11), and 
said second mode is used when said DRAM is 
in a system having no termination resistances 75 
(Rt). 

24. A DRAM characterized by comprising: 

means (236) for generating a control signal 20 

based on information stored in a register; 

a first buffer (40, 43) for receiving data signals 

transmitted through a first frequency in a first 

mode, said first buffer (40, 43) being controlled 

by said control signal to operate in said first 25 

mode; 

a second buffer (41, 44) for receiving data sig- 
nals transmitted through a second frequency 
lower than said first frequency in a second 
mode, said second buffer (41 , 44) being con- 30 
trolled by said control signal to operate in said 
second mode; 

means (42) for providing one of an output of 
said first buffer (40, 43) and an output of said 
second buffer (41 , 44) to an internal circuit, 35 

wherein power consumption of said sec- 
ond buffer (41, 44) during operation thereof is 
lower than that of said first buffer (40. 43) dur- 
ing operation thereof. 

40 

25. A method of driving a bus (10) for transmitting sig- 
nals to said bus (10) from an output buffer of a 
device connected to said bus (10), said method 
characterized by comprising the steps of: 

45 

a) having a first mode of transmitting said sig- 
nals to said bus (10) from a first buffer (131. 
132); 

b) having a second mode of transmitting said 
signals to said bus (10) from a second buffer so 
(133, 134); and 

c) choosing a driving power of said first buffer 
(131, 132) to be greater than that of said sec- 
ond buffer (133, 134). 

55 

26. An output buffer for transmitting signals to a bus 
(10), said output buffer being provided in a device 
connected to said bus (10), said output buffer char- 



acterized by comprising: 

a first buffer (131, 132) outputting said signals 
to said bus (10); 

a second buffer (133. 134) outputting said sig- 
nals to said bus (10), said second buffer (133, 
134) connected in parallel with said first buffer 
(131, 132) and having a smaller driving power 
for transmitting said signals than said first 
buffer (131. 132); and 

power switching means (120) for switching 
between a first mode to drive said first buffer 
(131, 132) and a second mode to drive said 
second buffer (133. 134), 

wherein said first mode is used when 
said device is in a system having termination 
resistances (Rt) connecting said bus (10) to 
termination voitage (Vtt) and a refieciion-pre- 
vention resistance (Rs) provided on a stub (11) 
connected to said bus (10) for preventing 
reflection of said signals at an intersection 
between said bus (10) and said stub (1 1), and 
said second mode is used when said device is 
in a system having no termination resistances 
(Rt). 

27. A device connected to a bus (10) for signal trans- 
mission, said device characterized by comprising: 

a first buffer (131, 132) outputting said signals 
to said bus (10); 

a second buffer (133, 134) outputting said sig- 
nals to said bus (10), said second buffer (133, 
134) connected in parallel with said first buffer 
(131, 132) and having a smaller driving power 
for transmitting said signals than said first 
buffer (131, 132); and 

power switching means (120) for switching 
between a first mode to drive said first buffer 
(131, 132) and a second mode to drive said 
second buffer (133, 134), 

wherein said first mode is used when 
said device is in a system having termination 
resistances (Rt) connecting said bus (10) to 
termination voltage (Vtt) and a reflection-pre- 
vention resistance (Rs) provided on a stub (1 1) 
connected to said bus (10) for preventing 
reflection of said signals at an intersection 
between said bus (10) and said stub (11). and 
said second mode is used when said device is 
in a system having no termination resistances 
(Rt). 

28. A DRAM characterized by comprising: 

means (236B) for generating a control signal 

based on information stored in a register; 

a first buffer (131, 132) transmitting data sig- 
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nals to a bus (10); 

a second buffer (133, 134) transmitting said 
data signals to said bus (10), said second 
buffer (133 ( 134) connected in parallel with said 
first buffer (131, 132) and having a smaller driv- 5 
ing power for transmitting said signals than said 
first buffer (131, 132); 

power switching means (120) for switching, 
based on said control signal, between a first 
mode to drive said first buffer (131 , 132) and a 10 
second mode to drive said second buffer (133. 
134), 

wherein said first mode is used when 
said DRAM is in a system having termination 
resistances (Rt) connecting said bus (10) to is 
termination voltage (Vtt) and a reflection-pre- 
vention resistance (Rs) provided on a stub (11) 
connected to said bus (10) for preventing 
reflection of said data signals at an intersection 
between said bus (10) and said stub (1 1 ), and 20 
said second mode is used when said DRAM is 
in a system having no termination resistances 
(Rt). 
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one bus (1 0) for the signal transmission and a reflection- 
prevention resistance (Rs) provided on a stub (11) con- 
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and a switch unit for coupling the bus (1 0) to termination 
voltage (Vtt) via the termination resistances (Rt) in a first 
mode and for disconnecting the bus (10) from the termi- 
nation voltage (Vtt) in a second mode. 
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